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h~2(1 ~ 2) is very  s imp le  and is g iven by 
A~(1 ~2)  f~(1 ~3) .  ~2(3 ~ 2) 
= f~(1 - -3 )+f~(3- -2 )  " (3) 
This  express ion  is val id  for  each total  angular  
momentum L t of the sys tem (ion + e- ) .  The expres -  
s ion (3) has been pointed out r igorous ly  by Ga i l i -  
t is ,  but it is poss ib le  to obtain (3) through the 
same phys ica l  a rguments  that A. Burgess  used 
in his paper  on recombinat ion  [5]. 
Let us look at the spec i f i c  p rob lem of the Ca II 
exc i tat ion by e lec t ron  impact .  This p rob lem is a 
s ix -channe l  p rob lem if one reduces  Ca II to its 
f i r s t  th ree  leve ls :  4s, 3d and 4p. For  a g iven total  
angular  momentum L t, the s ix assoc ia ted  chan- 
nels  are :  
2 4s; l 1 L t 1 ~ k l ;  = 
2 
2 k2; 3d; 12 =L  t -2  
2 3d; l 3 L t 3 = k2; = 
2 3d; l 4 L t+2 4 -- k2; = 
5 = k 2. 5' 4p; 15 =L  t -1  
2 4p; 16 L t + 1 , 6 -= k5; = 
k 2 and l: being the energy and the angular  momen-  
tu~m of t~e addit ional  e lec t ron  assoc ia ted  with the 
channel  i. One sees  that introduct ion of the leve l  
4p cor responds  to two new channels in the scat -  
ter ing  prob lem.  It fo l lows that (3) is no longer  
val id.  Since the in teract ion  potent ia l  between the 
channels 5 and 6 is quadrupo lar ,  and by no means  
weak, it is poss ib le  to show that the fol lowing is 
a good approx imat ion  (i =2, 3, 4): 
A~2 (1 ~ i) = f~(1 ~ 5).  f~(5 ~ i) + ~2(1 --~ 6).  ~2(6 ~ i) 
j<5 j< 5 (4) 
Taking the R matr ixes  computed by D. Pet r in i ,  
who used the Cou lomb-Born  approx imat ion  [6], 
we have computed ~2(4s  ~3d) .  
Table 1 shows the resu l t s  for each total  an- 
gu lar  momentum L t. These resu l t s  show that 
the ef fects  of the non-d i rec t  exc i tat ion are  not 
negl ig ib le  at al l .  Roughly speaking,  one can as -  
sure  that Q (4s ~ 3d) is mult ip l ied by 2 between 
the leve ls  3d and 4p. 
In conclus ion we can say that each t ime one 
has to deal  with a weak t rans i t ion  c ross  sect ion 
one has to wor ry  about the ef fects  that the st rong 
coupled t rans i t ions  could introduce to the weak 
t rans i t ion  c ross  sect ion through the process  men-  
t ioned above. The par t i cu la r ly  in terest ing  case 
of Fe XIV is under invest igat ion ow. 
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From CH3CN and f rom a mixture  of CH3CN and (CB3)2SO4 laser  emiss ion  additional to that a l ready  re -  
por ted  in the l i terature has  been found at 119/2, 310.4 it, 310.5/2, 311.512, 334.4 ~ and  334.8 p.  
Severa l  authors  have repor ted  fa r - in f ra red  
laser  emiss ion  f rom cyanic  compounds [1-6]. We 
observed  with a pu lsed e lec t r i c  d i scharge  through 
CH3CN the wel l -known st rong l ines at 337/2 and 
310/2. Fur thermore  we found under appropr ia te  
condit ions,  s t rongly  dependent on vapor  p ressure ,  
a spl i t t ing of the 310/2 l ine into three l ines at 
310.4 p, 310.5/2, 311.5~ and a new l ine group at 
334.4/2 and 334.8/2. The spl i tt ing of 337 p emis -  
s ion f i r s t  repor ted  by Kneubtihl et al .  [4] could be 
proved.  
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Table I 
Output peak Wavelength Opt imum pres -  
Vapour (/2) sure  (Torr) energy per  
pulse (J) 
CH3CN 
CH3CN 
+(CH3)2SO4 
310.4 l 10-6 
310.5 0.3 10 -6 
311.5 10 -7 
334.4 I 10-6 
334.8 0.5 10_ 6 
CH3CN : 0.01 10 -5 
119.0 
(CH3)2SO 4 : 0.8 
± 0.1,~ 
In a mix ture  of CH3CN and (CH3)2SO 4 with 
par t ia l  p ressures  of 10-2Tor r  and 0.8 Tor r  resp . ,  
a s t rong  l ine at 119/2 was  obtained.  Th is  osc i l l a -  
t ion occur red  only if the e lec t r i c  d i scharge  was  
f i r s t  appl ied for  a few minutes  to CH3CN only and 
then (CH3)2SO 4 was  added. With pure CH3CN or 
pure (CH3)2SO 4 an emiss ion  of this wave length  
could not be observed .  Al l  l ines  are  l i s ted  in 
table 1. 
The laser  cav i ty  was  a g lass  tube 5.85 m long 
having an internal  d iameter  of 7.2 cm c losed  at 
one end by a p lane a lumin ized  mi r ror  and at the 
other  end by a p lane copper  mesh .  The proper t ies  
of this  mesh  were  [7, 8]: grat ing constant  = 35/2,  
grat ing constant  to s t r ip  half  breadth rat io  = 8 and 
re f lec t ion  = 0.97, t ransmiss ion  = 0.02 al l  at 330tt 
wave length .  The rad iat ion was  coupled through the 
mesh  to the outer  detector  sys tem cons is t ing  of a 
Fabry -Perot - in ter fe rometer  [9] to separate  the 
i i i I , i ,, , i~210.5u~ 
' I , I 
I i ' 
i i b 
~- .7 lO .gu~ I i 
[ ~ i i I I 
I 
Fig. 1. In te r fe rogram of CH3CN. Three  l ines at 310.4/2, 
310.5~t, 311.5/2. The dashed l ines mark  the 21~t-reso - 
nances.  
1 
/2.- 
Fig. 2. Left: I n te r fe rogram of CH3CN. Two l ines  at 
334.4/2 and 334.8/2. With an externa l  FPI these reso -  
nances were proved to be produced by two l ines  and not 
by one l ine at 167 ft. Right: I n te r le rogram of CH3CN and 
(CH3)2SO 4. One line at l lg t t .  
d i f fe rent  l ine groups  and a bo lometer .  The bo lom-  
e ter  was  ca l ib ra ted  to measure  the energy  per  ra -  
d iat ion pu lse .  The wave length  of the l ines  were  
determined  by the in ter fe rometr i c  p roper t ies  of 
the laser  cav i ty .  The in ter fe rograms are  shown 
in f igs .  1 and 2. 
The e lec t r i c  pu lses  were  produced by a 17 kV 
d. c . - source  and a 0.1 ~tF condenser  per iod ica l ly  
d i scharged  through the vapour  in the cav i ty .  The 
repet i t ion  f requency  was  1 cps .  
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